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(54) PHYSICAL ADDRESS DETERMINATION METHOD, APPARATUS AND DEVICE AND STORAGE 
MEDIUM

(57) This disclosure provides a physical address de-
termining method, apparatus, and device, and a storage
medium, and belongs to the field of solar power gener-
ation. The method includes: controlling at least two slave
nodes to sequentially start up, and detecting a change
status of an input voltage of the master node; dividing a
photovoltaic power generation system into a plurality of
photovoltaic strings; when at least two slave node quan-
tities in configuration data are equal, determining a pho-
tovoltaic string whose slave node quantity is equal to the
at least two slave node quantities, as a candidate pho-
tovoltaic string; and for each candidate photovoltaic
string, controlling any slave node located in the candidate
photovoltaic string to start up and other slave nodes to
shut down, determining a physical address of a photo-
voltaic string that has an input voltage or an input current,
and using the physical address as a physical address of
the candidate photovoltaic string. This disclosure pro-
vides a manner of automatically determining a physical
address of a photovoltaic string, thereby implementing
photovoltaic-string locating and expanding a system
function range. When an anomaly occurs, the anomaly
can be eliminated in a timely manner, thereby improving
system stability.
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Description

[0001] This application claims priority to Chinese Patent Application No. 201711083505.9, filed with the China National
Intellectual Property Administration on November 7, 2017 and entitled "PHYSICAL ADDRESS DETERMINING METHOD,
APPARATUS, AND DEVICE, AND STORAGE MEDIUM", which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] This disclosure relates to the field of solar power generation, and in particular, to a physical address determining
method, apparatus, and device, and a storage medium.

BACKGROUND

[0003] With improvement of people’s living standards and advancement of science and technology, an energy shortage
phenomenon in today’s society is increasingly severe, posing a serious challenge to an energy issue. A fundamental
way to resolve an energy problem is to develop environment-friendly renewable energy. Photovoltaic power generation
that can convert renewable solar energy into electric energy, has many advantages such as resource abundance and
extensiveness, and has become an important direction of energy development.
[0004] FIG. 1 is a schematic structural diagram of a photovoltaic power generation system. The photovoltaic power
generation system includes at least one photovoltaic string 11 (FIG. 1 uses only two strings as an example) and an
inverter 12. An output end of each photovoltaic string 11 is connected to an input end of the inverter 12. Each photovoltaic
string 11 includes several series-connected groups of which each includes a photovoltaic module 111 and an optimizer
112 that are corresponding to each other.
[0005] To ensure normal operating of the system and to implement monitoring of the photovoltaic module by the
inverter, a physical address of each optimizer in the photovoltaic string needs to be first determined, to precisely locate
the optimizer. In a related technology, a voltage monitoring system is set up, and the voltage monitoring system includes
a main monitoring apparatus and several voltage monitoring apparatuses. The main monitoring apparatus is connected
to each voltage monitoring apparatus. Each voltage monitoring apparatus is corresponding to one optimizer in the
photovoltaic string, and is configured to monitor a relative voltage between an output end of the optimizer and a voltage
reference point. Because the photovoltaic string includes photovoltaic modules and optimizers that are connected in
series, the relative voltage is different when the optimizer is at a different physical location in the photovoltaic string.
Therefore, the main monitoring apparatus obtains a relative voltage of a corresponding optimizer from each voltage
monitoring apparatus, and may determine an arrangement order of corresponding optimizers in the photovoltaic string
based on relative voltages of the optimizers, thereby determining physical addresses of the corresponding optimizers.
[0006] In a process of implementing this disclosure, the inventor finds that the related technology has at least the
following problems: According to the related technology, only the physical address of the optimizer in the photovoltaic
string can be determined, and when a photovoltaic power generation system includes a plurality of photovoltaic strings,
a physical address of each photovoltaic string cannot be determined. Therefore, a method for determining a physical
address of a photovoltaic string is urgently required to implement photovoltaic-string locating.

SUMMARY

[0007] Embodiments of this disclosure provide a physical address determining method, apparatus, and device, and
a storage medium, to resolve a problem existing in a related technology. The technical solutions are as follows.
[0008] According to a first aspect, a physical address determining method is provided, and is applied to a photovoltaic
power generation system, where the photovoltaic power generation system includes a master node and a plurality of
photovoltaic strings; an output end of each photovoltaic string is connected to an input end of the master node; each
photovoltaic string includes at least one photovoltaic power generation group; each photovoltaic power generation group
includes one photovoltaic module and one slave node; when any photovoltaic string includes at least two photovoltaic
power generation groups, the at least two photovoltaic power generation groups are connected in series; and the method
includes:

controlling at least two slave nodes in the photovoltaic power generation system to sequentially start up, and detecting
a change status of an input voltage of the master node;
based on the detected change status, grouping any two slave nodes for which a superposition phenomenon occurs
on the input voltage during sequential startup and corresponding photovoltaic modules into a same photovoltaic
string, and grouping any two slave nodes for which no superposition phenomenon occurs on the input voltage during
sequential startup and corresponding photovoltaic modules into different photovoltaic strings, to obtain a plurality
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of photovoltaic strings, where the superposition phenomenon is a phenomenon that an amplitude increment in the
input voltage is within a preset neighborhood range of unit amplitude, the unit amplitude is amplitude of the input
voltage of the master node when only one slave node starts up, and the preset neighborhood range is a numerical
range centered on the unit amplitude;
when at least two slave node quantities in configuration data are equal, determining, from the plurality of photovoltaic
strings obtained through grouping, a photovoltaic string whose slave node quantity is equal to the at least two slave
node quantities, as a candidate photovoltaic string, where the configuration data includes a slave node quantity of
each photovoltaic string and a physical address of each photovoltaic string; and
for each determined candidate photovoltaic string, controlling any slave node located in the candidate photovoltaic
string to start up and slave nodes other than the any slave node in the photovoltaic power generation system to
shut down, determining a physical address of a photovoltaic string that has an input voltage or an input current, and
using the physical address as a physical address of the candidate photovoltaic string.

[0009] In a first possible implementation of the first aspect, the controlling at least two slave nodes in the photovoltaic
power generation system to sequentially start up, and detecting a change status of an input voltage of the master node
includes:

controlling a first slave node in the photovoltaic power generation system to start up, detecting the input voltage,
and using the input voltage as a first voltage;
when the first slave node has started up, controlling a second slave node in the photovoltaic power generation
system to start up, detecting the input voltage, and using the input voltage as a second voltage; and
comparing the first voltage with the second voltage.

[0010] In a second possible implementation of the first aspect, the based on the detected change status, grouping
any two slave nodes for which a superposition phenomenon occurs on the input voltage during sequential startup and
corresponding photovoltaic modules into a same photovoltaic string, and grouping any two slave nodes for which no
superposition phenomenon occurs on the input voltage during sequential startup and corresponding photovoltaic modules
into different photovoltaic strings, to obtain a plurality of photovoltaic strings includes:
when no superposition phenomenon occurs on the second voltage compared with the first voltage, grouping the first
slave node and the second slave node into different photovoltaic strings; or when the superposition phenomenon occurs
on the second voltage compared with the first voltage, grouping the first slave node and the second slave node into a
same photovoltaic string.
[0011] In a third possible implementation of the first aspect, after the based on the detected change status, grouping
any two slave nodes for which a superposition phenomenon occurs on the input voltage during sequential startup and
corresponding photovoltaic modules into a same photovoltaic string, and grouping any two slave nodes for which no
superposition phenomenon occurs on the input voltage during sequential startup and corresponding photovoltaic modules
into different photovoltaic strings, to obtain a plurality of photovoltaic strings, the method further includes:
when a first slave node quantity is different from other slave node quantities in the configuration data, determining, from
the plurality of photovoltaic strings obtained through grouping, a physical address of a photovoltaic string whose slave
node quantity is equal to the first slave node quantity, as a physical address corresponding to the first slave node quantity.
[0012] In a fourth possible implementation of the first aspect, a voltage monitoring apparatus or a current monitoring
apparatus is disposed at an output end of each photovoltaic string, and the method further includes:
determining, by using the voltage monitoring apparatus or the current monitoring apparatus, whether the corresponding
photovoltaic string has an input voltage or an input current.
[0013] In a fifth possible implementation of the first aspect, the method further includes:
setting up a locating table, where the locating table includes a physical address of each photovoltaic string and a logical
address of each slave node in the corresponding photovoltaic string.
[0014] In a sixth possible implementation of the first aspect, each slave node in the photovoltaic power generation
system is corresponding to one voltage monitoring apparatus, and the voltage monitoring apparatus is configured to
monitor a relative voltage between an output end of the corresponding slave node and a voltage reference point, where
the voltage reference point is the ground, a positive end of a photovoltaic string, or a negative end of a photovoltaic
string. The method further includes:

for each photovoltaic string, when a slave node quantity of the photovoltaic string is greater than a preset quantity,
dividing the photovoltaic string into a plurality of substrings, where each substring includes at least one photovoltaic
power generation group, and a slave node quantity of each substring is not greater than the preset quantity;
for each substring in the photovoltaic string, determining, based on a monitored relative voltage of each slave node
in the substring, an arrangement order of slave nodes located in the substring;
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for any two substrings in the photovoltaic string, controlling any slave node in one substring and slave nodes in the
other substring to start up, and determining an ordinal position of the any slave node in the other substring based
on monitored relative voltages of the slave nodes that have started up, to determine an arrangement order of slave
nodes in the any two substrings and determine an arrangement order of slave nodes in the photovoltaic string; and
determining a physical address of each slave node in the photovoltaic string based on the arrangement order of the
slave nodes in the photovoltaic string.

[0015] In a seventh possible implementation of the first aspect, after the determining a physical address of each slave
node in the photovoltaic string based on the determined arrangement order, the method further includes:
when determining the physical address of each slave node, setting up a locating table, where the locating table may
include a logical address of each slave node and the physical address of each slave node.
[0016] In an eighth possible implementation of the first aspect, before the controlling at least two slave nodes in the
photovoltaic power generation system to sequentially start up, and detecting a change status of an input voltage of the
master node, the method further includes:
for each connected slave node, controlling the slave node to start up and other slave nodes to shut down, and when
determining that the input voltage of the master node is not detected, disconnecting from the slave node that has started
up; or when determining that the input voltage of the master node is detected, determining that the slave node that has
started up is located in the photovoltaic power generation system.
[0017] According to a second aspect, a physical address determining apparatus is provided, and is applied to a
photovoltaic power generation system, where the photovoltaic power generation system includes a master node and a
plurality of photovoltaic strings; an output end of each photovoltaic string is connected to an input end of the master
node; each photovoltaic string includes at least one photovoltaic power generation group; each photovoltaic power
generation group includes one photovoltaic module and one slave node; when any photovoltaic string includes at least
two photovoltaic power generation groups, the at least two photovoltaic power generation groups are connected in series;
and the apparatus includes:

a control module, configured to control at least two slave nodes in the photovoltaic power generation system to
sequentially start up;
a detection module, configured to detect a change status of an input voltage of the master node when the at least
two slave nodes are controlled to sequentially start up;
a string determining module, configured to: based on the detected change status, group any two slave nodes for
which a superposition phenomenon occurs on the input voltage during sequential startup and corresponding pho-
tovoltaic modules into a same photovoltaic string, and group any two slave nodes for which no superposition phe-
nomenon occurs on the input voltage during sequential startup and corresponding photovoltaic modules into different
photovoltaic strings, to obtain a plurality of photovoltaic strings, where the superposition phenomenon is a phenom-
enon that an amplitude increment in the input voltage is within a preset neighborhood range of unit amplitude, the
unit amplitude is amplitude of the input voltage of the master node when only one slave node starts up, and the
preset neighborhood range is a numerical range centered on the unit amplitude; and
an address determining module, configured to: when at least two slave node quantities in configuration data are
equal, determine, from the plurality of photovoltaic strings obtained through grouping, a photovoltaic string whose
slave node quantity is equal to the at least two slave node quantities, as a candidate photovoltaic string, where the
configuration data includes a slave node quantity of each photovoltaic string and a physical address of each pho-
tovoltaic string; and for each determined candidate photovoltaic string, control any slave node located in the candidate
photovoltaic string to start up and slave nodes other than the any slave node in the photovoltaic power generation
system to shut down, determine a physical address of a photovoltaic string that has an input voltage or an input
current, and use the physical address as a physical address of the candidate photovoltaic string.

[0018] In a first possible implementation of the second aspect, the control module is configured to control a first slave
node in the photovoltaic power generation system to start up;
the detection module is configured to: when the first slave node is controlled to start up, detect the input voltage, and
use the input voltage as a first voltage;
the control module is further configured to: when the first slave node has started up, control a second slave node in the
photovoltaic power generation system to start up; and
the detection module is further configured to: detect the input voltage, use the input voltage as a second voltage, and
compare the first voltage with the second voltage.
[0019] In a second possible implementation of the second aspect, the string determining module is further configured
to: when no superposition phenomenon occurs on the second voltage compared with the first voltage, group the first
slave node and the second slave node into different photovoltaic strings; or
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the string determining module is further configured to: when the superposition phenomenon occurs on the second voltage
compared with the first voltage, group the first slave node and the second slave node into a same photovoltaic string.
[0020] In a third possible implementation of the second aspect, the address determining module is further configured
to: when a first slave node quantity is different from other slave node quantities in the configuration data, determine,
from the plurality of photovoltaic strings obtained through grouping, a physical address of a photovoltaic string whose
slave node quantity is equal to the first slave node quantity, as a physical address corresponding to the first slave node
quantity.
[0021] In a fourth possible implementation of the second aspect, a voltage monitoring apparatus or a current monitoring
apparatus is disposed at an output end of each photovoltaic string, and the address determining unit is further configured
to determine, by using the voltage monitoring apparatus or the current monitoring apparatus, whether the corresponding
photovoltaic string has an input voltage or an input current.
[0022] In a fifth possible implementation of the second aspect, the address determining module is further configured
to set up a locating table, where the locating table includes a physical address of each photovoltaic string and a logical
address of each slave node in the corresponding photovoltaic string.
[0023] In a sixth possible implementation of the second aspect, each slave node in the photovoltaic power generation
system is corresponding to one voltage monitoring apparatus, and the voltage monitoring apparatus is configured to
monitor a relative voltage between an output end of the corresponding slave node and a voltage reference point, where
the voltage reference point is the ground, a positive end of a photovoltaic string, or a negative end of a photovoltaic
string. The apparatus further includes:

a string division module, configured to: for each photovoltaic string, when a slave node quantity of the photovoltaic
string is greater than a preset quantity, divide the photovoltaic string into a plurality of substrings, where each
substring includes at least one photovoltaic power generation group, and a slave node quantity of each substring
is not greater than the preset quantity; and
a sorting module, configured to: for each substring in the photovoltaic string, determine, based on a monitored
relative voltage of each slave node in the substring, an arrangement order of slave nodes located in the substring,
where
the sorting module is further configured to: for any two substrings in the photovoltaic string, control any slave node
in one substring and slave nodes in the other substring to start up, and determine an ordinal position of the any
slave node in the other substring based on monitored relative voltages of the slave nodes that have started up, to
determine an arrangement order of slave nodes in the any two substrings and determine an arrangement order of
slave nodes in the photovoltaic string; and
the address determining module is further configured to determine a physical address of each slave node in the
photovoltaic string based on the arrangement order of the slave nodes in the photovoltaic string.

[0024] In a seventh possible implementation of the second aspect, the address determining module is further configured
to: when determining the physical address of each slave node, set up a locating table, where the locating table may
include a logical address of each slave node and the physical address of each slave node.
[0025] In an eighth possible implementation of the second aspect, the control module is further configured to: for each
connected slave node, control the slave node to start up and other slave nodes to shut down; and
the detection module is further configured to: when determining that the input voltage of the master node is not detected,
disconnect from the slave node that has started up.
[0026] According to a third aspect, a physical address determining device is provided, where the device includes a
processor and a memory, the memory stores at least one instruction, and the instruction is loaded and executed by the
processor to implement an operation executed in the physical address determining method according to the first aspect.
[0027] According to a fourth aspect, a computer readable storage medium is provided, where the storage medium
stores at least one instruction, and the instruction is loaded and executed by a processor to implement an operation
executed in the physical address determining method according to the first aspect.
[0028] Beneficial effects brought by the technical solutions provided in the embodiments of this disclosure are as follows:
[0029] According to the method, the apparatus, the device, and the storage medium that are provided in the embod-
iments of this disclosure, a manner of automatically determining a physical address of a photovoltaic string is provided,
thereby implementing photovoltaic-string locating and expanding a system function range. In addition, comparison with
the configuration data is performed, and for at least two equal slave node quantities, candidate photovoltaic strings
matching the slave node quantities may be determined and then distinguished, thereby ensuring accuracy of locating.
Moreover, a staff member does not need to manually enter a physical address of a photovoltaic string, and an operation
is easy. When an anomaly occurs, the anomaly can be eliminated in a timely manner based on the determined physical
address, thereby improving system stability.
[0030] In addition, comparison with the configuration data is performed, the first slave node quantity different from all
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the other slave node quantities is selected, and then the physical address of the photovoltaic string whose slave node
quantity is equal to the first slave node quantity may be directly determined. An elimination method is used based on
slave node quantities, thereby increasing a locating speed and reducing a locating time.
[0031] In addition, after the physical address is determined, the locating table is set up, and a physical address of any
photovoltaic string may be quickly determined by querying the locating table. This facilitates management operations
such as anomaly elimination, and repetitive locating does not need to be performed.
[0032] In addition, during slave node locating, when the slave node quantity in the photovoltaic string is greater than
the preset quantity, the photovoltaic string is divided into the plurality of substrings. Internal sorting of each substring is
first performed, and then external sorting is performed. In this way, the physical address of each slave node is determined.
This improves sorting precision, and avoids a sorting error caused by sorting beyond a string voltage range.
[0033] In addition, the input voltage of the master node is detected when the slave node is controlled to start up. This
can exclude a slave node that is not in the photovoltaic power generation system, thereby avoiding a crosstalk problem
and ensuring accuracy of a subsequent locating process.

BRIEF DESCRIPTION OF DRAWINGS

[0034]

FIG. 1 is a schematic structural diagram of a photovoltaic power generation system according to a related technology;
FIG. 2 is a schematic structural diagram of a photovoltaic power generation system according to an embodiment of
this disclosure;
FIG. 3 is a flowchart of a physical address determining method according to an embodiment of this disclosure;
FIG. 4A is a schematic diagram of a slave node in a photovoltaic power generation system according to an embod-
iment of this disclosure;
FIG. 4B is a schematic flowchart of grouping a photovoltaic string according to an embodiment of this disclosure;
FIG. 4C is a schematic diagram of a monitoring apparatus according to an embodiment of this disclosure;
FIG. 5A is a flowchart of a physical address determining method according to an embodiment of this disclosure;
FIG. 5B is a schematic diagram of a voltage monitoring apparatus according to an embodiment of this disclosure;
FIG. 6 is a schematic structural diagram of a physical address determining apparatus according to an embodiment
of this disclosure; and
FIG. 7 is a schematic structural diagram of a master node according to an embodiment of this disclosure.

DESCRIPTION OF EMBODIMENTS

[0035] To make the objectives, technical solutions, and advantages of this disclosure clearer, the following further
describes the implementations of this disclosure in detail with reference to the accompanying drawings.
[0036] FIG. 2 is a schematic structural diagram of a photovoltaic power generation system according to an embodiment
of this disclosure. Referring to FIG. 2, the photovoltaic power generation system includes a plurality of photovoltaic
strings 21 and a master node 22, each photovoltaic string 21 includes at least one photovoltaic power generation group,
and each photovoltaic power generation group includes one photovoltaic module 211 and one slave node 212. When
any photovoltaic string 21 includes at least two photovoltaic power generation groups, the at least two photovoltaic power
generation groups are connected in series. An output end of each photovoltaic string 21 (that is, an output end of a last
slave node 212 in each photovoltaic string 21) is connected to an input end of the master node 22.
[0037] The master node 22 is configured to convert a direct current voltage output by the photovoltaic string 21 into
an alternating current voltage, or may be further configured to monitor the photovoltaic string. The master node 22 may
be an inverter, a communications box, a monitoring box, or a conversion device of another type. The slave node 212 is
configured to communicate with the master node 22, and may be further configured to monitor the photovoltaic module.
The slave node 212 may be an optimizer, a communications box, a monitoring box, or a communications device of
another type. In this embodiment of this disclosure, the master node 22 can determine a physical address of each
photovoltaic string by controlling the slave node 212 to start up or shut down and detecting an input voltage of the master
node 22, thereby implementing photovoltaic-string locating.
[0038] In a possible implementation, the photovoltaic power generation system further includes a voltage monitoring
apparatus 213 corresponding to each slave node 212. The voltage monitoring apparatus 213 is configured to monitor
a relative voltage between an output end of the corresponding slave node 212 and a voltage reference point. An output
end of the voltage monitoring apparatus 213 is connected to the input end of the master node 22, and may report the
monitored relative voltage to the master node 22. The master node 22 determines a physical address of the slave node
in a photovoltaic string based on the monitored relative voltage.
[0039] This embodiment of this disclosure is applied to a scenario of monitoring the photovoltaic power generation
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system. A physical address of a photovoltaic string and a physical address of a slave node in the photovoltaic string are
determined, thereby implementing precise locating. When an anomaly occurs in a photovoltaic string or in a slave node,
an apparatus in which the anomaly occurs can be located in a timely manner based on the determined physical address,
thereby eliminating the anomaly in a timely manner.
[0040] Based on the foregoing embodiment shown in FIG. 2, this disclosure provides a physical address determining
method. FIG. 3 is a flowchart of a physical address determining method according to an embodiment of this disclosure,
and describes a process in which a master node determines a physical address of a photovoltaic string. Referring to
FIG. 3, the method includes the following steps.
[0041] 301: For each connected slave node, a master node controls the slave node to start up and other slave nodes
to shut down, and when determining that an input voltage of the master node is not detected, the master node disconnects
from the slave node that has started up, to determine each slave node in a photovoltaic power generation system.
[0042] During building of the photovoltaic power generation system, a photovoltaic module is connected to a slave
node to constitute a group, and a plurality of groups are connected in series to constitute a photovoltaic string. A plurality
of photovoltaic strings may be obtained by repeating this step. An output end of each photovoltaic string is connected
to an input end of the master node, to constitute the photovoltaic power generation system. In addition, when each slave
node in the photovoltaic power generation system is networked with the master node, the master node may identify a
logical address of each slave node, and establish a communications connection to a corresponding slave node based
on the logical address of each slave node. Then, the master node can communicate with any slave node based on a
logical address of the corresponding slave node, for example, send an instruction to the slave node and control the slave
node to start up or shut down. The logical address may be a media access control (Media Access Control, MAC) address
or another communication address.
[0043] However, in an actual networking process, a communications connection may be established between a slave
node not included in the photovoltaic power generation system and the master node. As a result, the slave node not in
the photovoltaic power generation system is networked, causing a crosstalk problem. To avoid the crosstalk problem,
after networking is completed, the master node may traverse each connected slave node, control a traversed slave node
to start up and slave nodes other than the traversed slave node to shut down, and detect the input voltage of the master
node. If the slave node is located in the photovoltaic power generation system, the slave node provides an input voltage
to the master node when starting up. In this case, the input voltage of the master node is normal. If the slave node is
not located in the photovoltaic power generation system, the slave node provides no input voltage to the master node
when starting up. In this case, the slave nodes in the photovoltaic power generation system have shut down, and therefore
provide no input voltage to the master node, either. As a result, the input voltage of the master node is abnormal, and
the input voltage cannot be detected.
[0044] Therefore, when the traversed slave node starts up and the slave nodes other than the traversed slave node
shut down, if it is determined that the input voltage of the master node is not detected, it indicates that the traversed
slave node is not located in the photovoltaic power generation system. Therefore, a communications connection to the
traversed slave node is disconnected, so that the slave node is excluded. The foregoing step is repeated for each slave
node, so that all slave nodes not in the photovoltaic power generation system can be excluded, and only slave nodes
in the photovoltaic power generation system remain.
[0045] 302: The master node controls at least two slave nodes in the photovoltaic power generation system to se-
quentially start up, and detects a change status of the input voltage of the master node. Based on the detected change
status, the master node groups any two slave nodes for which a superposition phenomenon occurs on the input voltage
during sequential startup and corresponding photovoltaic modules into a same photovoltaic string, and groups any two
slave nodes for which no superposition phenomenon occurs on the input voltage during sequential startup and corre-
sponding photovoltaic modules into different photovoltaic strings, to obtain a plurality of photovoltaic strings.
[0046] In this embodiment of this disclosure, to implement photovoltaic-string locating, photovoltaic modules and slave
nodes in the photovoltaic power generation system need to be grouped first, to obtain a plurality of photovoltaic strings.
Slave nodes located in a same photovoltaic string are connected in series, and when the slave nodes all start up, the
superposition phenomenon consequently occurs on the input voltage of the master node. In contrast, slave nodes in
different photovoltaic strings are connected in parallel, and when the slave nodes all start up, the superposition phe-
nomenon does not occur on the input voltage of the master node. The superposition phenomenon is a phenomenon
that an amplitude increment in the input voltage is within a preset neighborhood range of unit amplitude, the unit amplitude
is amplitude of the input voltage of the master node when only one slave node starts up, and the preset neighborhood
range is a numerical range centered on the unit amplitude. A numerical span of the preset neighborhood range may be
determined based on precision. If the amplitude increment in the input voltage is within the preset neighborhood range
of the unit amplitude, it indicates that the amplitude increment in the input voltage is equal to or approximately equal to
the unit amplitude. For example, in a case in which one slave node has started up, when another slave node starts up,
the amplitude increment in the input voltage of the master node is equal to or approximately equal to the unit amplitude,
that is, the input voltage of the master node is approximately twice an original input voltage. Alternatively, in a case in
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which two slave nodes have started up, when another slave node starts up, the amplitude increment in the input voltage
of the master node is equal to or approximately equal to the unit amplitude, that is, the input voltage of the master node
is approximately 3/2 of an original input voltage.
[0047] Therefore, the master node may select at least two slave nodes from the photovoltaic power generation system,
control the selected at least two slave nodes to sequentially start up, and may determine, by detecting the change status
of the input voltage of the master node, slave nodes that belong to a same photovoltaic string and slave nodes that
belong to different photovoltaic strings, and further group slave nodes and photovoltaic modules corresponding to the
slave nodes into a plurality of photovoltaic strings.
[0048] A first slave node and a second slave node are used as an example. The master node controls the first slave
node to start up. At this moment, the second slave node is in a shutdown state. The first slave node provides a voltage
to the master node. The master node detects the input voltage at this moment, and uses the input voltage as a first
voltage. Then, when the first slave node has started up, the master node controls the second slave node to start up,
detects the input voltage at this moment, uses the input voltage as a second voltage, and compares the first voltage
with the second voltage.
[0049] When no superposition phenomenon occurs on the second voltage compared with the first voltage, it indicates
that the second slave node and the first slave node are in a parallel relationship. In other words, the second slave node
and the first slave node are located in different photovoltaic strings. Therefore, the first slave node and the second slave
node are grouped into different photovoltaic strings. When the superposition phenomenon occurs on the second voltage
compared with the first voltage, it indicates that the second slave node and the first slave node are connected in series.
In other words, the first slave node and the first slave node are located in a same photovoltaic string. Therefore, the first
slave node and the second slave node are grouped into the same photovoltaic string.
[0050] Through repetition of the foregoing photovoltaic string grouping manner, all slave nodes in photovoltaic strings
can be grouped into a plurality of photovoltaic strings, and a photovoltaic module corresponding to each slave node is
also grouped into a photovoltaic string in which the slave node is located.
[0051] In a process of repetitive grouping, a specified slave node may be first selected. The specified slave node is
used as a reference. When the specified slave node is controlled to start up, whether another slave node and the specified
slave node are located in a same photovoltaic string is determined by controlling the another slave node to start up. In
this way, a photovoltaic string that includes the specified slave node and a photovoltaic string that does not include the
specified slave node are obtained through grouping. A next specified slave node is further selected from the photovoltaic
string that does not include the specified slave node, and grouping is continued until all the slave nodes are grouped.
[0052] For example, referring to FIG. 4A, a photovoltaic power generation system includes three slave nodes, and
logical addresses of the three slave nodes are A, B, and C. Referring to FIG. 4B, during photovoltaic string grouping
based on the photovoltaic power generation system shown in FIG. 4A, a master node controls the slave node A to start
up, defines the slave node A as in a photovoltaic string 1, detects an input voltage of the master node at this moment,
and uses the input voltage as a first voltage. Then, the master node controls the next slave node B to start up, detects
an input voltage of the master node at this moment, and uses the input voltage as a second voltage. When the second
voltage is equal or close to the first voltage, the slave nodes A and B are located in different photovoltaic strings, and
the slave node B is defined as in a photovoltaic string 2. When the second voltage is approximately twice the first voltage,
the slave nodes A and B are located in a same photovoltaic string, and the slave node B is added to the photovoltaic
string 1. Then, the master node controls the slave node B to shut down, and continues to select the next slave node C.
This process does not end until polling of all slave nodes is completed. In this way, a plurality of photovoltaic strings are
obtained through grouping.
[0053] Alternatively, the master node may select any two slave nodes each time, and determine whether the two slave
nodes are located in a same photovoltaic string. After all slave nodes are selected, analysis is performed based on
determining results of slave nodes selected for a plurality of times, to determine a plurality of photovoltaic strings.
[0054] For example, during photovoltaic string grouping based on the photovoltaic power generation system shown
in FIG. 4A, the master node first selects the slave nodes A and B, controls the slave node A to start up, detects an input
voltage of the master node at this moment, uses the input voltage as a first voltage, and defines the slave node A as a
photovoltaic string 1. Then, the master node controls the slave node B to start up, detects an input voltage of the master
node at this moment, and uses the input voltage as a second voltage. If it is determined that the second voltage is equal
or close to the first voltage, the slave nodes A and B are located in different photovoltaic strings, and the slave node B
is defined as in a photovoltaic string 2. Then, the master node selects the slave nodes A and C, controls the slave node
A to start up, detects an input voltage of the master node at this moment, and uses the input voltage as a third voltage.
Then, the master node controls the slave node A to shut down, controls the slave node C to start up, detects an input
voltage of the master node at this moment, and uses the input voltage as a fourth voltage. If it is determined that the
second voltage is equal or close to the first voltage, the slave nodes A and C are located in a same photovoltaic string,
and the slave node C is added to the photovoltaic string 1.
[0055] 303: When a first slave node quantity is different from other slave node quantities in configuration data, the
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master node determines, from the plurality of photovoltaic strings obtained through grouping, a physical address of a
photovoltaic string whose slave node quantity is equal to the first slave node quantity, as a physical address corresponding
to the first slave node quantity.
[0056] The configuration data includes a slave node quantity and a physical address that are already configured for
each photovoltaic string. A physical address of a photovoltaic string may represent a physical location at which the
corresponding photovoltaic string is located. The corresponding photovoltaic string may be found based on the physical
address. The physical address of the photovoltaic string may be indicated by an ordinal position of the photovoltaic string
in the plurality of photovoltaic strings, or may be a unique number allocated to the photovoltaic string, or the like.
[0057] For example, the configuration data may be shown in Table 1 below, including physical addresses and corre-
sponding slave node quantities, and indicating that a photovoltaic string 1 includes three slave nodes, a photovoltaic
string 2 includes two slave nodes, and a photovoltaic string 3 includes three slave nodes.

[0058] After performing the foregoing steps 301 and 302, the master node obtains the plurality of photovoltaic strings
through grouping, and determines a slave node in each photovoltaic string. Therefore, a slave node quantity of each
photovoltaic string may be calculated. However, a physical address of each photovoltaic string has not yet been deter-
mined. Actually, the photovoltaic power generation system is obtained through networking based on the configuration
data, and both the slave node quantity and physical address of each photovoltaic string is required to match the config-
uration data. Therefore, after a slave node quantity in a photovoltaic string obtained through grouping is compared with
slave node quantities in the configuration data, a specific photovoltaic string and a specific physical address of the
photovoltaic string that is obtained through grouping are determined.
[0059] Step 303 is a first case. When the first slave node quantity is different from the other slave node quantities of
photovoltaic strings in the configuration data, it indicates that there is only one photovoltaic string, in the photovoltaic
power generation system, whose slave node quantity is the first slave node quantity. Therefore, from the plurality of
photovoltaic strings obtained through grouping, the physical address of the photovoltaic string whose slave node quantity
is equal to the first slave node quantity is determined as the physical address corresponding to the first slave node
quantity. This implements a one-to-one correspondence between a photovoltaic string and a physical address.
[0060] Based on the example in Table 1 above, it is assumed that three photovoltaic strings, namely {A1, A2, A3},
{B1, B2}, and {C1, C2, C3}, are obtained through grouping. When a slave node quantity in the second photovoltaic string
obtained through grouping is 2, it may be determined that the photovoltaic string {B1, B2} is a second photovoltaic string
in Table 1, and a physical address of the photovoltaic string {B1, B2} is ADD2.
[0061] 304: When at least two slave node quantities in the configuration data are equal, determine, from the plurality
of photovoltaic strings obtained through grouping, a photovoltaic string whose slave node quantity is equal to the at least
two slave node quantities, as a candidate photovoltaic string.
[0062] 305: For each determined candidate photovoltaic string, control any slave node located in the candidate pho-
tovoltaic string to start up and slave nodes other than the any slave node in the photovoltaic power generation system
to shut down, determine a physical address of a photovoltaic string that has an input voltage or an input current, and
use the physical address as a physical address of the candidate photovoltaic string.
[0063] Steps 304 and 305 are a second case. When at least two slave node quantities in the configuration data are
equal, it indicates that there are photovoltaic strings with a same slave node quantity in the photovoltaic power generation
system. These photovoltaic strings need to be further distinguished.
[0064] Therefore, the photovoltaic string whose slave node quantity is equal to the slave node quantities of at least
two photovoltaic strings is first determined from the plurality of photovoltaic strings obtained through grouping, as the
candidate photovoltaic string. For each determined candidate photovoltaic string, the any slave node located in the
candidate photovoltaic string is controlled to start up, and the slave nodes other than the any slave node in the photovoltaic
power generation system are controlled to shut down. In this case, the photovoltaic string in which the slave node that
has started up is located has an input voltage or an input current. Therefore, the master node may detect the physical
address of the photovoltaic string that has the input voltage or the input current, and use the physical address as the
physical address of the candidate photovoltaic string. Each candidate photovoltaic string may be traversed in the foregoing
manner, so that a physical address of each candidate photovoltaic string is further determined. This implements a one-

Table 1

Physical address Slave node quantity

ADD1 3

ADD2 2

ADD3 3
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to-one correspondence between a photovoltaic string and a physical address.
[0065] Based on the example in Table 1 above, it is assumed that three photovoltaic strings, namely {A1, A2, A3},
{B1, B2}, and {C1, C2, C3}, are obtained through grouping. Both slave node quantities of the two photovoltaic strings
{A1, A2, A3} and {C1, C2, C3} are 3. In this case, a slave node in the first photovoltaic string {A1, A2, A3} is controlled
to start up, and other slave nodes are controlled to shut down. The master node detects that a physical address of a
photovoltaic string that has an input voltage is ADD1. Therefore, it can be determined that a physical address of the
photovoltaic string {A1, A2, A3} is ADD1, and a physical address of the photovoltaic string {C1, C2, C3} is ADD2.
[0066] Referring to FIG. 4C, a monitoring apparatus, such as a voltage monitoring apparatus or a current monitoring
apparatus, may be disposed at an output end of each photovoltaic string. In this case, the master node may determine,
by using the voltage monitoring apparatus or the current monitoring apparatus, whether the corresponding photovoltaic
string has an input voltage or an input current.
[0067] In actual application, when a physical address of a photovoltaic string is determined, a locating table may be
set up. The locating table may include a physical address of each photovoltaic string and a logical address of a slave
node in the photovoltaic string. Based on the foregoing example, the locating table may be shown in Table 2 below,
indicating that the photovoltaic string 1 includes slave nodes A1, A2, and A3, the photovoltaic string 2 includes slave
nodes B1 and B2, and the photovoltaic string 3 includes slave nodes C1, C2, and C3.

[0068] According to the method provided in this embodiment of this disclosure, a manner of automatically determining
a physical address of a photovoltaic string is provided, thereby implementing photovoltaic-string locating and expanding
a system function range. Moreover, a staff member does not need to manually enter a physical address of a photovoltaic
string, and an operation is easy. When an abnormal case occurs, the abnormal case can be eliminated in a timely manner
based on the determined physical address, thereby improving system stability.
[0069] Based on the foregoing embodiment shown in FIG. 2 and FIG. 3, this disclosure further provides a physical
address determining method. FIG. 5A is a flowchart of a physical address determining method according to an embod-
iment of this disclosure, and describes a process in which a master node determines a physical address of a slave node
in a photovoltaic string. Referring to FIG. 5A, the method includes the following steps.
[0070] 501: When a slave node quantity in a photovoltaic string is greater than a preset quantity, divide the photovoltaic
string into a plurality of substrings, where each substring includes at least one photovoltaic power generation group, and
a slave node quantity of each substring is not greater than the preset quantity.
[0071] A plurality of slave nodes in a photovoltaic string are connected in series, and perform voltage division based
on a string voltage range of the entire photovoltaic string. If the photovoltaic string includes an excessively large quantity
of slave nodes, a voltage at an output end of each slave node is quite low after the voltage division. Consequently,
sampling precision may be easily affected during detection, resulting in inaccurate identification of a physical address.
[0072] In view of this, the slave node quantity in the photovoltaic string is first obtained, and whether the slave node
quantity is greater than the preset quantity is determined. If the slave node quantity is greater than the preset quantity,
it indicates that the photovoltaic string includes a relatively large quantity of slave nodes. In this case, the photovoltaic
string may be divided, to obtain the plurality of substrings. It is ensured that the slave node quantity of each substring
is not greater than the preset quantity. The preset quantity may be determined based on the string voltage range, or
may be determined in another manner.
[0073] For example, the preset quantity is 4, and the photovoltaic string includes 10 slave nodes: A1, A2, A3, ..., and
A10. The 10 slave nodes are grouped into three substrings: {A1, A2, A3}, {A4, A5, A6}, and {A7, A8, A9, A10}.
[0074] 502: For each substring in the photovoltaic string, control each slave node in the substring to start up, and
determine, based on a monitored relative voltage of each slave node in the substring, an arrangement order of slave
nodes located in the substring.
[0075] In this embodiment of this disclosure, referring to FIG. 5B, for ease of voltage monitoring, a corresponding
voltage monitoring apparatus may be disposed for each slave node. A relative voltage between an output end of each
slave node and a voltage reference point may be monitored by using a voltage monitoring apparatus corresponding to
the slave node. For example, the voltage reference point may be the ground, and a voltage of the ground is 0. A voltage
between the output end of each slave node and the ground, that is, a relative voltage, may be monitored by using the

Table 2

Physical address Logical address of a slave node

ADD1 A1, A2, A3

ADD2 B1, B2

ADD3 C1, C2, C3
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voltage monitoring apparatus. Alternatively, the voltage reference point may be a positive end of a photovoltaic string,
a negative end of a photovoltaic string, or the like.
[0076] A main monitoring apparatus may be further disposed in the photovoltaic power generation system. The main
monitoring apparatus may be connected to each voltage monitoring apparatus, and is configured to receive a relative
voltage monitored by each voltage monitoring apparatus. The main monitoring apparatus may be the master node.
Alternatively, the main monitoring apparatus may be an apparatus connected to the master node, and may send a
collected relative voltage of each slave node to the master node.
[0077] For each substring, because a photovoltaic string is constituted by connecting positive and negative ends of a
plurality of slave nodes (that is, connecting a positive end of one slave node to a negative end of another slave node)
in series, a relative voltage of a slave node gradually increases from a negative end of the photovoltaic string to a positive
end of the photovoltaic string, and a relative voltage of a slave node gradually decreases from the positive end of the
photovoltaic string to the negative end of the photovoltaic string. Therefore, a magnitude of a relative voltage may indicate
an ordinal position of a slave node in a substring. The master node may control each slave node in a current substring
to start up and another slave node in the substring to shut down, and determine an arrangement order of all the slave
nodes in the current substring based on a monitored relative voltage of each slave node. By analogy, internal sorting of
all substrings may be completed by using the foregoing sorting method.
[0078] For example, in the photovoltaic string {A1, A2, A3}, A1 has a highest relative voltage, and A2 has a lowest
relative voltage. Therefore, it can be determined that an arrangement order of the slave nodes is A1-A3-A2 from a
positive end of the photovoltaic string to a negative end of the photovoltaic string.
[0079] 503: For any two substrings in the photovoltaic string, control any slave node in one substring and slave nodes
in the other substring to start up, and determine an ordinal position of the any slave node in the other substring based
on monitored relative voltages of the slave nodes that have started up, to determine an arrangement order of slave
nodes in the any two substrings and determine an arrangement order of slave nodes in the photovoltaic string.
[0080] A first substring and a second substring are used as an example. First, a specified slave node in the first
substring may be controlled to start up, and another slave node in the first substring may be controlled to shut down. In
addition, all slave nodes in the second substring are controlled to start up. Then, relative voltages of the slave nodes
that have started up are monitored, so that an ordinal position of the specified slave node in the second substring can
be determined. Subsequently, a next specified slave node is selected from the first substring. An ordinal position of the
next specified slave node in the second substring is also determined in the foregoing sorting manner. By analogy, an
arrangement order of all slave nodes in the first substring and the second substring may be determined, thereby imple-
menting external sorting of the first substring and the second substring.
[0081] Correspondingly, any two substrings may be "combined" in the foregoing external sorting manner. By analogy,
all substrings in a photovoltaic string may be combined, so as to determine an arrangement order of all slave nodes in
all the substrings, that is, an arrangement order of all slave nodes in the photovoltaic string.
[0082] 504: Determine a physical address of each slave node in the photovoltaic string based on the arrangement
order of the slave nodes in the photovoltaic string.
[0083] After the arrangement order of all the slave nodes is determined, the physical address of each slave node may
be determined based on the arrangement order of all the slave nodes according to a physical address determining rule.
A plurality of types of determining rules may be included, provided that physical addresses allocated based on different
arrangement orders are different.
[0084] In a possible implementation, when the physical address of each slave node is indicated by an ordinal position
of the slave node in the photovoltaic string, the ordinal position of the slave node may be directly used as the physical
address of the slave node. For example, a physical address of a slave node ranked first is set to 01.
[0085] In another possible implementation, when the physical address of each slave node is indicated by a physical
address of the photovoltaic string in which the slave node is located and an ordinal position of the slave node in the
photovoltaic string, the physical address of the photovoltaic string in which the slave node is located and the ordinal
position of the slave node in the photovoltaic string may be obtained and used as the physical address of the slave node.
For example, a physical address of a slave node ranked first in a photovoltaic string 1 is set to 1-01, and a physical
address of a slave node ranked first in a photovoltaic string 2 is set to 2-01.
[0086] In actual application, when the physical address of each slave node is determined, a locating table may be set
up. The locating table may include a logical address of each slave node and the physical address of each slave node.
For example, the locating table may be shown in Table 3 below.

Table 3

Logical address Physical address

A1 1-01
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[0087] According to the method provided in this embodiment of this disclosure, because a sorting process is relatively
complicated when a photovoltaic string includes an excessively large quantity of slave nodes, when the slave node
quantity in the photovoltaic string is greater than the preset quantity, the photovoltaic string is divided into the plurality
of substrings in a manner of "dividing a long string into short substrings". Internal sorting of each substring is first
performed, and then external sorting is performed. In this way, the physical address of each slave node is determined.
This improves sorting precision, and avoids a sorting error caused by sorting beyond a string voltage range.
[0088] FIG. 6 is a schematic structural diagram of a physical address determining apparatus according to an embod-
iment of this disclosure. Referring to FIG. 6, the apparatus is applied to the photovoltaic power generation system
described in the foregoing embodiment, and the apparatus includes:

a control module 601, configured to control at least two slave nodes in the photovoltaic power generation system
to sequentially start up;
a detection module 602, configured to detect a change status of an input voltage of a master node when the at least
two slave nodes are controlled to sequentially start up;
a string determining module 603, configured to: based on the detected change status, group any two slave nodes
for which a superposition phenomenon occurs on the input voltage during sequential startup and corresponding
photovoltaic modules into a same photovoltaic string, and group any two slave nodes for which no superposition
phenomenon occurs on the input voltage during sequential startup and corresponding photovoltaic modules into
different photovoltaic strings, to obtain a plurality of photovoltaic strings, where the superposition phenomenon is a
phenomenon that an amplitude increment in the input voltage is within a preset neighborhood range of unit amplitude,
the unit amplitude is amplitude of the input voltage of the master node when only one slave node starts up, and the
preset neighborhood range is a numerical range centered on the unit amplitude; and
an address determining module 604, configured to: when at least two slave node quantities in configuration data
are equal, determine, from the plurality of photovoltaic strings obtained through grouping, a photovoltaic string whose
slave node quantity is equal to the at least two slave node quantities, as a candidate photovoltaic string, where the
configuration data includes a slave node quantity of each photovoltaic string and a physical address of each pho-
tovoltaic string; and for each determined candidate photovoltaic string, control any slave node located in the candidate
photovoltaic string to start up and slave nodes other than the any slave node in the photovoltaic power generation
system to shut down, determine a physical address of a photovoltaic string that has an input voltage or an input
current, and use the physical address as a physical address of the candidate photovoltaic string.

[0089] In a first possible implementation, the control module 601 is configured to control a first slave node in the
photovoltaic power generation system to start up;
the detection module 602 is configured to: when the first slave node is controlled to start up, detect the input voltage,
and use the input voltage as a first voltage;
the control module 601 is further configured to: when the first slave node has started up, control a second slave node
in the photovoltaic power generation system to start up; and
the detection module 602 is further configured to: detect the input voltage, use the input voltage as a second voltage,
and compare the first voltage with the second voltage.
[0090] In a second possible implementation, the string determining module 603 is further configured to: when no
superposition phenomenon occurs on the second voltage compared with the first voltage, group the first slave node and
the second slave node into different photovoltaic strings; or
the string determining module 603 is further configured to: when the superposition phenomenon occurs on the second
voltage compared with the first voltage, group the first slave node and the second slave node into a same photovoltaic
string.
[0091] In a third possible implementation, the address determining module 604 is further configured to: when a first
slave node quantity is different from other slave node quantities in the configuration data, determine, from the plurality
of photovoltaic strings obtained through grouping, a physical address of a photovoltaic string whose slave node quantity
is equal to the first slave node quantity, as a physical address corresponding to the first slave node quantity.
[0092] In a fourth possible implementation, a voltage monitoring apparatus or a current monitoring apparatus is dis-

(continued)

Logical address Physical address

A2 1-02

A3 1-03
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posed at an output end of each photovoltaic string, and the address determining unit is further configured to determine,
by using the voltage monitoring apparatus or the current monitoring apparatus, whether the corresponding photovoltaic
string has an input voltage or an input current.
[0093] In a fifth possible implementation, the address determining module 604 is further configured to set up a locating
table, where the locating table includes a physical address of each photovoltaic string and a logical address of each
slave node in the corresponding photovoltaic string.
[0094] In a sixth possible implementation, each slave node in the photovoltaic power generation system is correspond-
ing to one voltage monitoring apparatus, and the voltage monitoring apparatus is configured to monitor a relative voltage
between an output end of the corresponding slave node and a voltage reference point, where the voltage reference
point is the ground, a positive end of a photovoltaic string, or a negative end of a photovoltaic string. The apparatus
further includes:

a string division module, configured to: for each photovoltaic string, when a slave node quantity of the photovoltaic
string is greater than a preset quantity, divide the photovoltaic string into a plurality of substrings, where each
substring includes at least one photovoltaic power generation group, and a slave node quantity of each substring
is not greater than the preset quantity; and
a sorting module, configured to: for each substring in the photovoltaic string, determine, based on a monitored
relative voltage of each slave node in the substring, an arrangement order of all slave nodes located in the substring.

[0095] The sorting module is further configured to: for any two substrings in the photovoltaic string, control any slave
node in one substring and slave nodes in the other substring to start up, and determine an ordinal position of the any
slave node in the other substring based on monitored relative voltages of the slave nodes that have started up, to
determine an arrangement order of slave nodes in the any two substrings and determine an arrangement order of slave
nodes in the photovoltaic string.
[0096] The address determining module 604 is further configured to determine a physical address of each slave node
in the photovoltaic string based on the arrangement order of the slave nodes in the photovoltaic string.
[0097] In a seventh possible implementation, the address determining module 604 is further configured to: when
determining the physical address of each slave node, set up a locating table, where the locating table may include a
logical address of each slave node and the physical address of each slave node.
[0098] In an eighth possible implementation, the control module 601 is further configured to: for each connected slave
node, control the slave node to start up and other slave nodes to shut down; and
the detection module 602 is further configured to: when determining that the input voltage of the master node is not
detected, disconnect from the slave node that has started up.
[0099] It should be noted that when the physical address determining apparatus provided in the foregoing embodiment
determines a physical address, division of the functional modules is used merely as an example for description. In actual
application, depending on a requirement, the functions may be allocated to different functional modules for implemen-
tation, that is, an internal structure of the master node is divided into different functional modules to implement all or
some of the functions described above. In addition, the physical address determining apparatus provided in the foregoing
embodiment pertains to a same idea as the embodiments of the physical address determining method. For a specific
implementation process of the physical address determining apparatus, refer to the method embodiments, and details
are not described herein again.
[0100] FIG. 7 is a schematic structural diagram of a master node according to an embodiment of this disclosure.
Referring to FIG. 7, the master node includes a receiver 701, a transmitter 702, a memory 703, and a processor 704.
The receiver 701, the transmitter 702, and the memory 703 are separately connected to the processor 704. The memory
703 stores at least one instruction. The processor 704 is configured to load and execute the at least one instruction, to
implement an operation executed by the master node in the foregoing embodiments.
[0101] An embodiment of this disclosure further provides a computer readable storage medium. The computer readable
storage medium stores at least one instruction. The at least one instruction is loaded and executed by a processor to
implement an operation executed by the master node in the foregoing embodiments.
[0102] A person of ordinary skill in the art may understand that all or some of the steps of the foregoing embodiments
may be implemented by hardware or a program instructing related hardware. The program may be stored in a computer
readable storage medium. The storage medium may be a read-only memory, a magnetic disk, an optical disc, or the like.
[0103] The foregoing descriptions are merely optional embodiments of this disclosure, but are not intended to limit
this disclosure. Any modification, equivalent replacement, improvement, and the like made without departing from the
spirit and principle of this disclosure shall fall within the protection scope of this disclosure.
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Claims

1. A physical address determining method, applied to a photovoltaic power generation system, wherein the photovoltaic
power generation system comprises a master node and a plurality of photovoltaic strings; an output end of each
photovoltaic string is connected to an input end of the master node; each photovoltaic string comprises at least one
photovoltaic power generation group; each photovoltaic power generation group comprises one photovoltaic module
and one slave node; when any photovoltaic string comprises at least two photovoltaic power generation groups, the
at least two photovoltaic power generation groups are connected in series; and the method comprises:

controlling at least two slave nodes in the photovoltaic power generation system to sequentially start up, and
detecting a change status of an input voltage of the master node;
based on the detected change status, grouping any two slave nodes for which a superposition phenomenon
occurs on the input voltage during sequential startup and corresponding photovoltaic modules into a same
photovoltaic string, and grouping any two slave nodes for which no superposition phenomenon occurs on the
input voltage during sequential startup and corresponding photovoltaic modules into different photovoltaic
strings, to obtain a plurality of photovoltaic strings, wherein the superposition phenomenon is a phenomenon
that an amplitude increment in the input voltage is within a preset neighborhood range of unit amplitude, the
unit amplitude is amplitude of the input voltage of the master node when only one slave node starts up, and the
preset neighborhood range is a numerical range centered on the unit amplitude;
when at least two slave node quantities in configuration data are equal, determining, from the plurality of pho-
tovoltaic strings obtained through grouping, a photovoltaic string whose slave node quantity is equal to the at
least two slave node quantities, as a candidate photovoltaic string, wherein the configuration data comprises a
slave node quantity of each photovoltaic string and a physical address of each photovoltaic string; and
for each determined candidate photovoltaic string, controlling any slave node located in the candidate photo-
voltaic string to start up and slave nodes other than the any slave node in the photovoltaic power generation
system to shut down, determining a physical address of a photovoltaic string that has an input voltage or an
input current, and using the physical address as a physical address of the candidate photovoltaic string.

2. The method according to claim 1, wherein the controlling at least two slave nodes in the photovoltaic power generation
system to sequentially start up, and detecting a change status of an input voltage of the master node comprises:

controlling a first slave node in the photovoltaic power generation system to start up, detecting the input voltage,
and using the input voltage as a first voltage;
when the first slave node has started up, controlling a second slave node in the photovoltaic power generation
system to start up, detecting the input voltage, and using the input voltage as a second voltage; and
comparing the first voltage with the second voltage.

3. The method according to claim 2, wherein the based on the detected change status, grouping any two slave nodes
for which a superposition phenomenon occurs on the input voltage during sequential startup and corresponding
photovoltaic modules into a same photovoltaic string, and grouping any two slave nodes for which no superposition
phenomenon occurs on the input voltage during sequential startup and corresponding photovoltaic modules into
different photovoltaic strings, to obtain a plurality of photovoltaic strings comprises:
when no superposition phenomenon occurs on the second voltage compared with the first voltage, grouping the
first slave node and the second slave node into different photovoltaic strings; or when the superposition phenomenon
occurs on the second voltage compared with the first voltage, grouping the first slave node and the second slave
node into a same photovoltaic string.

4. The method according to claim 1, wherein after the based on the detected change status, grouping any two slave
nodes for which a superposition phenomenon occurs on the input voltage during sequential startup and corresponding
photovoltaic modules into a same photovoltaic string, and grouping any two slave nodes for which no superposition
phenomenon occurs on the input voltage during sequential startup and corresponding photovoltaic modules into
different photovoltaic strings, to obtain a plurality of photovoltaic strings, the method further comprises:
when a first slave node quantity is different from other slave node quantities in the configuration data, determining,
from the plurality of photovoltaic strings obtained through grouping, a physical address of a photovoltaic string whose
slave node quantity is equal to the first slave node quantity, as a physical address corresponding to the first slave
node quantity.

5. The method according to claim 1 or 4, wherein each slave node in the photovoltaic power generation system is
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corresponding to one voltage monitoring apparatus, the voltage monitoring apparatus is configured to monitor a
relative voltage between an output end of a corresponding slave node and a voltage reference point, and the method
further comprises:

for each photovoltaic string, when a slave node quantity of the photovoltaic string is greater than a preset
quantity, dividing the photovoltaic string into a plurality of substrings, wherein each substring comprises at least
one photovoltaic power generation group, and a slave node quantity of each substring is not greater than the
preset quantity;
for each substring in the photovoltaic string, controlling each slave node in the substring to start up, and deter-
mining, based on a monitored relative voltage of each slave node in the substring, an arrangement order of
slave nodes located in the substring;
for any two substrings in the photovoltaic string, controlling any slave node in one substring and slave nodes
in the other substring to start up, and determining an ordinal position of the any slave node in the other substring
based on monitored relative voltages of the slave nodes that have started up, to determine an arrangement
order of slave nodes in the any two substrings and determine an arrangement order of slave nodes in the
photovoltaic string; and
determining a physical address of each slave node in the photovoltaic string based on the arrangement order
of the slave nodes in the photovoltaic string.

6. The method according to claim 1, wherein before the controlling at least two slave nodes in the photovoltaic power
generation system to sequentially start up, and detecting a change status of an input voltage of the master node,
the method further comprises:
for each connected slave node, controlling the slave node to start up and other slave nodes to shut down, and when
determining that the input voltage of the master node is not detected, disconnecting from the slave node that has
started up.

7. A physical address determining apparatus, applied to a photovoltaic power generation system, wherein the photo-
voltaic power generation system comprises a master node and a plurality of photovoltaic strings; an output end of
each photovoltaic string is connected to an input end of the master node; each photovoltaic string comprises at least
one photovoltaic power generation group; each photovoltaic power generation group comprises one photovoltaic
module and one slave node; when any photovoltaic string comprises at least two photovoltaic power generation
groups, the at least two photovoltaic power generation groups are connected in series; and the apparatus comprises:

a control module, configured to control at least two slave nodes in the photovoltaic power generation system
to sequentially start up;
a detection module, configured to detect a change status of an input voltage of the master node when the at
least two slave nodes are controlled to sequentially start up;
a string determining module, configured to: based on the detected change status, group any two slave nodes
for which a superposition phenomenon occurs on the input voltage during sequential startup and corresponding
photovoltaic modules into a same photovoltaic string, and group any two slave nodes for which no superposition
phenomenon occurs on the input voltage during sequential startup and corresponding photovoltaic modules
into different photovoltaic strings, to obtain a plurality of photovoltaic strings, wherein the superposition phe-
nomenon is a phenomenon that an amplitude increment in the input voltage is within a preset neighborhood
range of unit amplitude, the unit amplitude is amplitude of the input voltage of the master node when only one
slave node starts up, and the preset neighborhood range is a numerical range centered on the unit amplitude; and
an address determining module, configured to: when at least two slave node quantities in configuration data
are equal, determine, from the plurality of photovoltaic strings obtained through grouping, a photovoltaic string
whose slave node quantity is equal to the at least two slave node quantities, as a candidate photovoltaic string,
wherein the configuration data comprises a slave node quantity of each photovoltaic string and a physical
address of each photovoltaic string; and for each determined candidate photovoltaic string, control any slave
node located in the candidate photovoltaic string to start up and slave nodes other than the any slave node in
the photovoltaic power generation system to shut down, determine a physical address of a photovoltaic string
that has an input voltage or an input current, and use the physical address as a physical address of the candidate
photovoltaic string.

8. The apparatus according to claim 7, wherein
the control module is configured to control a first slave node in the photovoltaic power generation system to start up;
the detection module is configured to: when the first slave node is controlled to start up, detect the input voltage,
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and use the input voltage as a first voltage;
the control module is further configured to: when the first slave node has started up, control a second slave node
in the photovoltaic power generation system to start up; and
the detection module is further configured to: detect the input voltage, use the input voltage as a second voltage,
and compare the first voltage with the second voltage.

9. The apparatus according to claim 8, wherein the string determining module is further configured to: when no super-
position phenomenon occurs on the second voltage compared with the first voltage, group the first slave node and
the second slave node into different photovoltaic strings; or
the string determining module is further configured to: when the superposition phenomenon occurs on the second
voltage compared with the first voltage, group the first slave node and the second slave node into a same photovoltaic
string.

10. The apparatus according to claim 7, wherein the address determining module is further configured to: when a first
slave node quantity is different from other slave node quantities in the configuration data, determine, from the plurality
of photovoltaic strings obtained through grouping, a physical address of a photovoltaic string whose slave node
quantity is equal to the first slave node quantity, as a physical address corresponding to the first slave node quantity.

11. The apparatus according to claim 7 or 10, wherein each slave node in the photovoltaic power generation system is
corresponding to one voltage monitoring apparatus, the voltage monitoring apparatus is configured to monitor a
relative voltage between an output end of a corresponding slave node and a voltage reference point, and the
apparatus further comprises:

a string division module, configured to: for each photovoltaic string, when a slave node quantity of the photovoltaic
string is greater than a preset quantity, divide the photovoltaic string into a plurality of substrings, wherein each
substring comprises at least one photovoltaic power generation group, and a slave node quantity of each
substring is not greater than the preset quantity; and
a sorting module, configured to: for each substring in the photovoltaic string, determine, based on a monitored
relative voltage of each slave node in the substring, an arrangement order of slave nodes located in the substring,
wherein
the sorting module is further configured to: for any two substrings in the photovoltaic string, control any slave
node in one substring and slave nodes in the other substring to start up, and determine an ordinal position of
the any slave node in the other substring based on monitored relative voltages of the slave nodes that have
started up, to determine an arrangement order of slave nodes in the any two substrings and determine an
arrangement order of slave nodes in the photovoltaic string; and
the address determining module is further configured to determine a physical address of each slave node in
the photovoltaic string based on the arrangement order of the slave nodes in the photovoltaic string.

12. The apparatus according to claim 7, wherein the control module is further configured to: for each connected slave
node, control the slave node to start up and other slave nodes to shut down; and
the detection module is further configured to: when determining that the input voltage of the master node is not
detected, disconnect from the slave node that has started up.

13. A physical address determining device, wherein the device comprises a processor and a memory, the memory
stores at least one instruction, and the instruction is loaded and executed by the processor to implement an operation
executed in the physical address determining method according to any one of claims 1 to 6.

14. A computer readable storage medium, wherein the storage medium stores at least one instruction, and the instruction
is loaded and executed by a processor to implement an operation executed in the physical address determining
method according to any one of claims 1 to 6.
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